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Summary
A set of general vector differential equations is developed, relative to arbitrwily placed ref- ' erence axes, for a system of unbalanced, constant mass bodies. The bodies can rotate and translate relative to each other as well as relative to the reference coordinates.
flexibility in placement of both the body fixed coordinates and the reference coordinates, these general equations a r e more useful than those developed previously for multiple body free-flight systems.
Utilizing restraints and exploiting the flexibility in placement of coordinate systems, these general equations are easily reduced to the equations of motion for many dynamic systems of interest.
example cases a r e presented to demonstrate the ease of application and general utility of these equa- 
Theoretical Analysis
In Figure 1 the positions of the j rigid bodies (j = 1, 2, . . . , n), whiqh make up the system of interest, a r e described relative to both inertial space (XiYiZi) and the reference coordinate system (XYZ). The center of mass or center of gravity (cg) for the system of bodies is not required to be coincident with the origin "of' of the reference coordinates. These bodies translate and rotate relative to one another a s well a s relative to the rotating reference frame (XYZ). The body fixed coordinate system X.Y.Z. can be located arbitrarily in the j g body. As shown in Figure 1 , the j J J J bodies can have cg offsets.
F o r the following development, the symbol appearing a b~v e a vector quantity denotes the coordinate frame that the vector is resolved relative to and also the coordinate frame that derivatives -, -moment of that force about the origin "o" of the reference XYZ coordinate frame a r e given a s
The radius vector from the origin of the inertial reference system (X.Y .Z.) to the particle "p" of 
The force acting on the 4 9 body and the moment of &at foa*ce a b o~t "0" are obtained by summing Eqs. (4) and f5) for a11 particles "p" vf the j s bady.
Substituting Eq. (6) along with Eq. The total force acting on the system and the moment of that force about "0" are obtained by summing Eqs. (15) and (16) (20) describe the motion of the system of bodies. The forces and moments acting on the j individual bodies include those resulting from interaction of bodies, external forces, and body forces. and moments resulting from body interactions occur in equal but opposite pairs; therefore, in the summation to obtain Eqs. (19) and (20) these pairs cancel, leaving only the summations of the external forces and moments and body forces and moments which a r e represented by 3 and Go.
Forcers Example Cases
In order to demonstrate the usefulness af these general equations of motion, two examples will be given. F o r the f i r s t example, equations of motion will be developed relative to nonrol€ing coordinates (aeroballistic axes) for a single spinning body having mass asymmetries (principal axis misalignment and center of gravity offset). The equations of motion for a spinning body containing an internal vibrating member (multiple body problem) will be developed a s the second example. Ae mentioned earlier, the equations developed for these example cases are useful for describing the free-flight motions of both aerodynamically stabilized and gyroscopically stabilized spinning vehicles.
Spinning Asymmetrical Body
The single rigid body considered here (Figure 2) is not required to have an axis of mass o r F o r this example, the X Y Z body fixed axis system (Figure 2) has its = 0). The XYZ nonrolling reference coordinate system ' aerodynamic symmetry.
origin fixed at the cg of the body (6 (Figure 2) is placed in the body such that its X axis is directed out the nose and its origin is offset laterally from the cg 9 = (0. y z ). The X and X axes remain parallel while the positions of Y relative to Y and Z1 relative to Z a r e described by the roll angle 6. Therefore, the reference system pitches and yaws with the vehicle but does not roll with it. 
Internal Vibrating Member
The two body system considered herein consists of an outer rigid body (Body 1, Figure 3) that has a small rigid body (Body 2, Figure 3 Figure 3) and the XYZ reference system a r e coincident, with their origins fixed at the cg of Body 1. These systems and the X Y Z system remain mutually parallel; therefore, both bodies have identical angular velocity. internal vibrating members a r e of concern, They are also useful for studying the effects on system motion which result from the motion of the internal components.
Conclusion
A set of general vector differential equations has been developed that describes the motion of a system of rotating-translating bodies relative to a rotating reference coordinate system. These equations allow for: (1) complete flexibility in placement of the reference frame: (2) relative rotation and translation between the reference frame and each body; (3) relative rotation and translation between the respective bodies of the system; and ( 4 ) the existence of mass asymmetries in each of the bodies.
reduced to the governing equations for many dynamic systems of interest. Two examples are given to illustrate this flexibility.
Through the use of simple restraints these general equations are easily 
